A monoclonal antibody (MAb) immunoglobulin G2a (2125) was produced against a 60-kDa Legionella heat shock protein (HSP), recognizing a unique epitope common to all species of the genus Legionella. The antibody reacted in the immunoblot with 59 Legionella species and serogroups that were tested and showed no cross-reactivity with other bacteria, including Acinetobacter spp., Bordetella spp., Pseudomonas spp., The genus Legionella currently contains 29 named species and multiple serogroups. Although Legionella pneumophila serogroup (SG) 1 is the most common causative agent of legionellosis (3, 26), many different serogroups and species which cause disease in humans have been described (2, 10, 17, 22, (30) (31) (32) (33) (34) . The serodiagnosis of legionellosis is based mainly on the use of species-specific and serotype-specific monoclonal antibodies (MAbs) and antisera in indirect immunofluorescence. Because of the increasing number of species and serological variants, a routine screening with these tests is beyond the capabilities of most routine diagnostic laboratories. It is therefore desirable to start the serological diagnosis of legionellosis on a genus level for a time-saving and improved diagnostic procedure. Recently it has been shown by using antisera that a 60-kDa protein antigen of all Legionella species contains unspecific epitopes shared by many gram-negative bacteria as well as epitopes specific for the genus Legionella (25). This 60-kDa protein corresponds to the common antigen described for many different bacteria (16, 18). We reasoned that MAbs against the genus-specific epitopes of this Legionella protein would be of high diagnostic value. In addition, these antibodies might be useful to further characterize the 60-kDa heat shock protein (HSP) and to identify Legionella-specific oligopeptide domains which can be synthesized for diagnostic use.
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Here we report the production and characterization of a MAb recognizing a genus-specific epitope on the 60-kDa HSP of all Legionella species. Two other MAbs reacting with different cross-reacting epitopes on the 60-kDa antigen confirm the presence of Legionella-specific and nonspecific epitopes on this protein. We established a sandwich enzyme- 20 pl of the suspension per well was added and incubated for 2 h at room temperature. Plates were washed twice with 200 ,ul of buffer A and then incubated with buffer A-BSA (buffer A containing 1% [wt/vol] bovine serum albumin; Merck, Darmstadt, Federal Republic of Germany) for 30 min. Hybridoma culture supernatant fluids (20 ,ul) and culture medium as a negative control were then added, and plates were incubated for 2 h and then washed extensively with buffer A prior to the addition of 10 RI of peroxidase-labeled goat anti-mouse immunoglobulin (Jackson Immunoresearch Laboratories; diluted 1:2,000 in buffer A-BSA) for 30 min. The microtiter plates then were washed twice with buffer A and once with 0.01 M potassium phosphate buffer, pH 6.0. Substrate solution {20 RI of 2.7% 2,2'-azino[di(3-ethylbenzthiazolinesulfonic acid)] (Sigma) in potassium phosphate buffer, pH 6.0, containing 0.0025% H202} then was added to each well, and the enzyme reaction was measured by monitoring the increase in A414 with a Titertek Multiscan MC (Flow Laboratories, Meckenheim, Federal Republic of Germany).
SDS-PAGE and immunoblot analysis. Sodium dodecyl sulfate (SDS) slab gel electrophoresis (with 12% SDS) was performed as described previously (24) . Bacteria grown on agar plates were washed twice with physiological saline and adjusted to a concentration of 5 x 109 cells per ml. After centrifugation in an Eppendorf Biofuge at 10,000 x g for 5 min, the pellet from 1 ml of the bacterial suspension was suspended in 1 ml of sample buffer (0.0625 M Tris hydrochloride, pH 6.8, 5% 2-mercaptoethanol, 2% SDS, 12.5% glycerol), sonicated four times for 15 s each time with the microtip of a Branson sonicator (Sonifier B-12) at a setting of 4 with 30-s intervals between sonications, and heated for 10 min at 100°C. A 20-,ul sample (equivalent to 108 bacteria) was applied for each lane of the gel. Polyacrylamide gel electrophoresis (PAGE) was carried out until the bromophenol blue tracking dye had reached the bottom of the gel. Molecular weights were estimated by comparison with a prestained SDS marker kit (MW-SDS-Blue; Sigma). In every case in which a Western immunoblot was performed, a second slab gel was run in parallel, and proteins were revealed by Coomassie blue staining to ensure that equal amounts of proteins were added to each lane. The blotting procedure was done by previously described methods (24) with minor modifications by using 200 V for 3 h. The nitrocellulose sheet was saturated with 2% (wt/vol) instant dried milk in buffer A overnight. MAbs 2125, 2130, and 2122 were used as detecting antibodies (MAbs 2125 and 2122 were purified by affinity chromatography on protein A-Sepharose (Pharmacia, Uppsala, Sweden) and diluted 1:2,000 in 2% instant dried milkbuffer A. MAb 2130 was used in ascitic fluid and diluted in the same manner. Peroxidase-conjugated goat anti-mouse immunoglobulin (Jackson Immunoresearch Laboratories; 1:2,000 in 2% dried milk-buffer A) was used for final development. The substrate was 4-chloro-1-naphthol (Sigma).
Cloning and expression of the Legionella 60-kDa antigen in Escherichia coli. Cloning of the genus-common 60-kDa protein of Legionella micdadei (1) and L. pneumophila SG 1 (12) 20 ,000 x g. The pellet was discarded and the low-speed supernatant (sonic extract) was then recentrifuged in a Beckman Ultracentrifuge at 100,000 x g for 90 min at 4°C. The resulting pellet resuspended in Tris buffer (total membranes, fraction A) and supernatant (crude cytoplasma, fraction B) were tested in the Legionella sandwich ELISA (see below). Outer membranes were prepared from the total membrane fraction by the Sarkosyl procedure (5) . Briefly, the total membrane fraction was suspended in the Tris EDTA buffer containing 2% (wt/vol) sodium lauroyl sarcosinate (Sigma), incubated at 37°C for 1 h with shaking, and again subjected to ultracentrifugation at 100,000 x g for 90 min at 4°C. The Sarkosyl supernatant (cytoplasmic membrane, fraction C) was concentrated in a Centricon 10 Microconcentrator (Amicon), and the retained volume was diluted in Tris buffer. The pellet (Sarkosyl-insoluble material, fraction D) containing the outer membranes was resuspended in Tris buffer. Both fractions were also tested in the Legionella sandwich ELISA.
Legionella sandwich ELISA. MAb 2125 was used both as a capture antibody and as a developing antibody. Briefly, U-shaped wells of unflexible polystyrol plates (Greiner, Nurtingen, Federal Republic of Germany) were coated with 10 pul of MAb 2125 (10 ,ug of protein per ml) in buffer A for 2 h at room temperature or overnight at 4°C. Plates were then washed with 200 pul of buffer A (see above), and 150 ,ul of buffer A-BSA was added for 30 min. Bacteria (whole cells, sonicated cells, or sonic extracts) diluted in buffer A-BSA were added (20 pA1 per well) for 2 h. The plates were washed, and 10 pul of biotinylated MAb 2125 diluted in buffer A-BSA was incubated for 1 h. Biotinylation of the MAb was performed as previously described (11, 35) . Plates were then washed with buffer A, and 10 pul of streptavidin coupled to 3-galactosidase ( One clone produced a MAb (immunoglobulin G2a, designated 2125) recognizing a genus-specific epitope on the 60-kDa protein present in all Legionella species and SGs tested ( Fig. 1A and B) . This antibody showed no crossreactivity in the immunoblot (Fig. 1C) as HSP specific, we tested them with the cloned 60-kDa common antigen of L. micdadei ATCC 33128 (Fig. 4) and L. pneumophila ATCC 33152 (data not shown) in E. coli. A strong reaction of the three MAbs with the cloned 60-kDa HSP could be demonstrated. In contrast to MAb 2125, which showed no reaction with the E. coli control strain, MAbs 2122 (data not shown) and 2130 reacted as expected with the E. coli analog of the L. micdadei common antigen.
Legionella sandwich ELISA based on the genus-specific MAb. The sandwich ELISA was highly specific for the genus Legionella and the sensitivity for sonicated cells was about 3 X 103/ml (Fig. 5) membranes by the Sarkosyl procedure (5). All fractions were tested in the sandwich ELISA. The HSP could be identified in the cytoplasmic fraction as well as in the membrane fractions. An equivalent of only 60 cells resulted in a positive signal of the membrane-free fraction (fraction B), whereas 2 x 105 cells were needed for a positive signal of the totalmembrane fraction (fraction A). It is therefore obvious that the predominant amount of the 60-kDa HSP can be found in the membrane-free fraction. The sandwich ELISA with the separated membrane fractions showed that the 60-kDa HSP could be found in the outer membrane fraction (fraction D) but gives a weaker signal than the cytoplasmic membrane fraction (fraction C).
Heat shock response and temperature-dependent expression of the 60-kDa protein demonstrated in the sandwich ELISA. With the described sandwich ELISA we tried to demonstrate the heat shock response of the 60-kDa protein in L. pneumophila SG 1 (ATCC 33152). Figure 6 shows the increased detection of the 60-kDa protein following a temperature shift from 30 to 42°C for 10 min with subsequent incubation for 50 min at 300C (more than threefold, as estimated from the different fluorescence values in the linear portion of the sandwich ELISA curve) compared with detection after continuous growth at 30°C. A temperature shift from 30 to 42°C for 60 min produced a more pronounced increase (more than 20-fold). We also compared the temperature-dependent expression under steady-state culture conditions. The sandwich ELISA revealed an increased (about ninefold) expression of the HSP at 42°C steady-state growth conditions compared with expression in a 30°C culture. The increased (about threefold) expression of the 60-kDa protein after 60 min at 42°C compared with expression in the 420C steady-state culture indicates that synthesis of the 60-kDa protein returns to a lower level than does the heat shock response but remains elevated compared with levels in the 30°C culture. We could also detect a temperature-dependent expression and a heat shock response in the sandwich ELISA with whole cells, demonstrating that the heat shock response also produces a higher expression on the surface of the cell. However, the differences seen between steadygrowth cultures at 30 and 42°C and cultures after heat shock seemed to be less marked (data not shown).
Comparison of 60-kDa protein expression between different species and SGs and within SG 1. In order to determine the total 60-kDa protein expression of the cell and its location on the cell surface, we used the sandwich ELISA to examine sonicated cells as well as intact cells of different species and SGs. The strains were grown under steady-state growth conditions at 37°C. 
DISCUSSION
The serological relationship of the common antigen of different genera has been shown by crossed immunoelectrophoresis (6, 16) , by immunoblot with antisera to the E. coli GroEL protein (20) , with antisera to the common antigen of P. aeruginosa (13) , and with MAbs to the 65-kDa HSP of mycobacteria (28) . A MAb reacting with a protein in the same molecular mass range present in all Legionella species, all Bordetella species, and A. iwoffii has been recently described (14) .
In this study, we report the production and characterization of a MAb recognizing a genus-specific epitope on the 60-kDa HSP of Legionella species. This antibody reacted with all Legionella species tested either in a sandwich ELISA or in an immunoblot and showed no cross-reactivity with other bacteria, including P. fluorescens and Bacteroides fragilis strains, which were shown to cross-react with a polyclonal immunofluorescence kit for the detection of Legionella species (8) . The (23) . The isolation and characterization of the common antigen of P. aeruginosa also revealed a native protein of similar size consisting of 59-to 62-kDa subunits (29) . Our findings that after boiling of the sample a positive reaction in the sandwich ELISA completely disappeared is in accordance with data on a heat-labile L. micdadei common antigen in crossed immunoelectrophoresis (1 The 60-kDa protein of the genus Legionella is produced in response to a sudden increase in temperature (21) . In these studies the heat shock nature of Legionella proteins was identified by autoradiography. Cells were subjected to heat shock, and newly synthesized HSPs were preferentially labeled by incubation with radioactively labeled amino acids. We The exact localization of the common antigen in different genera has not been finally determined. In the case of Mycobacterium leprae, the common antigen was found to be associated only with the cell wall (9), whereas the common antigen of Mycobacterium bovis was present in the soluble cellular extract and only 2% was extracted from the pellet fraction after ultracentrifugation (7) . In L. pneumophila, the 60-kDa protein was found to be equally distributed between the supernatant and pellet fraction after ultracentrifugation, as analyzed by autoradiography following SDS-PAGE (20) . We also separated sonicated cells into membrane and cytoplasmic fractions by ultracentrifugation. The HSP could be identified by the sandwich ELISA in both fractions. Our results show that the 60-kDa protein is located predominantly in the cytoplasm. The detection of two L. pneumophila SG 1 strains (ATCC 33152 and UM1) as whole cells in the sandwich ELISA indicates that the epitope can also be located on the surface of the cell. We therefore separated inner and outer membranes of L. pneumophila SG 1 cells (ATCC 33152) and tested them in the sandwich ELISA. The 60-kDa HSP could be found in both membrane fractions. The cytoplasmic membrane gave a higher 60-kDa HSP signal than the outer membrane. We could not detect Legionella whole cells with immunofluorescence methods by using the Legionella-specific MAb 2125. It is possible that the conditions under which these experiments were performed altered the accessibility of the epitope or the epitope itself. Another possibility is that the amount of protein found on the surface is not sufficient for a positive signal in immunofluorescence, whereas in the sandwich ELISA many cells together result in a positive signal.
We investigated the expression of this protein in different J. CLIN. MICROBIOL.
on November 6, 2017 by guest http://jcm.asm.org/
Downloaded from
Legionella strains further. Marked differences were demonstrated by using the sandwich ELISA with whole cells, indicating differences in surface exposure between Legionella strains. No significant differences were seen when sonicated cells were tested. It is therefore very unlikely that the detection of whole cells in the sandwich ELISA and the differences seen are artifacts due to lysis of cells and the detection of cytoplasmic 60-kDa HSP. The differences in the amount of the 60-kDa HSP detectable on whole cells are interesting because the 60-kDa HSP of Legionella species and the corresponding common antigen of other bacteria are strong immunogens inducing humoral and cellular immune responses (13, 27, 28) . Whether the difference in expression of the 60-kDa HSP is of any significance for the bacterium in the interaction with the immune system of the host, and thus of potential relevance to pathogenicity, has to be investigated in the future.
